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® Two-way outdwelling slit valve assembly. 



© A novel cardiovascular outdwelling, normally 
closed, pressure-responsive slit valve liquid flow 
control (10) and related methods wherein a dia- 
phragm (124) having a slit (146) therein is flexed 
distally by hydrostatic pressure and proximally by 
negative pressure at different points in time to selec- 
tively open the slit and accommodate the flow of IV 
solution to a medical patient through a cannula (14) 
and blood sampling from the cardiovascular system 
^ of the patient through the cannula in such a way as 
^ to prevent bleed-back and clotting of blood within 
the cannula. 
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Field of Invention 

The present invention relates generally to 
medical liquid flow in a cannula and more particu- 
larly to novel structure and methods for outdwelling 
selective slit valving of medical liquid flow, includ- 
ing bi-direction flow, along a cannula, such as a 
catheter tube or needle, when the distal end there- 
of is indwelling in a medical patient. 

Background and Related Art 

It has long been recognized to be medically 
desirable to intravenously infuse liquid into and to 
sample blood from a patient. Certain problems 
have, nevertheless, persisted over the years in the 
fields of intravenous (IV) infusion and acquisition of 
blood specimens. 

Typically, during delivery of IV solution to the 
patient through a cannula, such as a catheter tube 
or IV needle, it is difficult to predict when the 
supply of IV solution will become exhausted and 
even more difficult to coordinate availability of 
nursing personnel with the need to timely dis- 
connect a soon-to-be-dry IV supply from the cath- 
eter tube or needle. As a consequence, the distal 
tip of the cannula sometimes experiences bleed- 
back and clotting. More specifically, in a conven- 
tional IV hook-up to a patient, the flow of IV solution 
occurs because the force of gravity upon the solu- 
tion exceeds the blood pressure in the cardiovas- 
cular system of the patient. When the supply of IV 
solution is exhausted, the pressure difference 
changes so that the cardiovascular pressure pre- 
vails, causing blood flow into the IV catheter tube a 
distance which may vary. Sometimes this blood 
flow reaches, contaminates and requires replace- 
ment of the IV filter. In any event, whether the 
blood reaches the filter or it does not, the aforesaid 
blood in the catheter will, within a short time, clot. 
This risks negligent introduction of the clot into the 
bloodstream and requires replacement of the IV 
system, when discovered. 

Also, shifting of positions by the patient, as, for 
example, if the patient raises the venipuncture site 
above the IV bottle, sometimes causes refluxing or 
bleedback of blood into the distal end of the can- 
nula. This reflux may or may not reach the IV filter, 
but in either event causes IV flow to stop which 
results in clotting within either the cannula, the filter 
or both. 

When and if discovered, both the clotted IV 
filter and catheter tube are replaced with the ac- 
companying patient trauma and expense. It is bad 
practice and an unacceptable risk to the patient to 
force a clot from the catheter tube into the blood- 
stream, but, due to negligence, this sometimes 
happens. 



It has been proposed that a one-way outdwel- 
ling (outside the patient) standard valve be used to 
prevent undesired blood flow into the distal end of 
an indwelling cannula, such as a catheter tube or 
5 IV needle. However, this approach does not work in 
a medically-acceptable fashion. Also, the one-way 
standard valve will not allow blood sampling when 
the standard one way valve is located between the 
catheter tube and the sampling site. 

10 

BRIEF SUMMARY AND OBJECTS OF THE IN- 
VENTION 

In brief summary, the present invention over- 

75 comes or substantially alleviates the aforesaid 
problems. The invention comprises novel outdwel- 
ling, normally-closed, pressure-responsive medical 
slit valve liquid flow controls, and related methods, 
accommodating flow of liquid including, but not 

20 limited to, flow of IV solution to the cardiovascular 
system of a medical patient through a cannula, the 
distal end of which is indwelling, while preventing 
bleed-back into and clotting within the cannula 
and/or IV filter. Thus, cannula and IV filter replace- 

25 ment due to such clotting is obviated. The pressure 
responsive nature of the slit valve structure pre- 
vents the IV system from running dry. Conse- 
quently, clots do not form in the cannula and 
cannot inadvertently be introduced into the blood- 

30 stream. 

Stated another way, the present invention pro- 
vides a pressure-sensitive valve that opens in re- 
sponse to the high pressure exerted by a full IV 
solution bag or bottle but closes as the pressure 

35 drops as the bag or bottle empties, which solves or 
greatly reduces the problem of shutting off the IV 
flow when the bag or bottle runs dry. The valve 
opens and achieves adequate flow in response to a 
predetermined pressure differential, but closes after 

40 the pressure drops to a lower predetermined pres- 
sure differential. 

The present invention accommodates configu- 
ration as a two-way valve that opens in either 
direction at the same or at different pressure dif- 

45 ferentials, and to allow IV solution in a gravity bag 
or bottle to flow, shuts off under pressure differen- 
tial conditions which occur when the IV solution 
bag or bottle runs dry and yet allows intentional 
blood sampling across the valve. 

so Thus, in one presently preferred manifestation 
of the present invention, the slit valve accommo- 
dates bi-directional liquid flow by which both liquid 
ingress and blood sampling egress proximal of the 
slit valve are achieved. It is sometimes desirable 

55 for a two-way slit valve flow control embodying the 
present invention to allow distal flexing to open the 
slit for ingress flow at a relatively low pressure 
differential and proximal flexing to open the slit for 
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egress flow at a relatively high pressure differential. 

In a broad sense, the present invention con- 
templates provision of an outdwelling, normally 
closed pressure responsive slit valve by which liq- 
uid is selectively communicated to and from a 
desired internal body site. 

Accordingly, it is a primary object of the 
present invention to overcome or substantially alle- 
viate some if not all of the above-mentioned medi- 
cal liquid flow control problems. 

It is a further significant object to provide a 
novel outdwelling, normally-closed, pressure-re- 
sponsive slit valve liquid flow control for use with a 
medical cannula, and related methods. 

Another dominant object is the provision of an 
outdwelling slit valve structure, and related meth- 
ods, accommodating flow of liquid, such as IV 
solution, to the cardiovascular system of a medical 
patient through a cannula, such as a peripheral 
catheter tube, a central venous catheter tube, an 
arterial catheter tube, or an IV needle, while pre- 
venting bleed-back into and clotting within the can- 
nula and obviating any resulting need for cannula 
and IV filter replacement. 

A further important object is the provision of 
novel out-dwelling, cardiovascular slit valve struc- 
ture, and related methods, which prevents an asso- 
ciated IV system from running dry. 

An additional principal object of the present 
invention is the provision of novel outdwelling, two- 
way slit valve structure, and related methods, for 
use in achieving selective ingress and egress liquid 
flow in respect to a desired internal body site of a 
patient. 

A further object of significance is the provision 
of a novel outdwelling two-way normally closed slit 
valve, and related methods, in which the slit valve 
is distally flexed, due to a first predetermined pres- 
sure differential, to accommodate intentional fluid 
flow to a desired internal location in a patient, is 
closed, due to a second predetermined pressure 
differential, and is proximally flexed, due to a third 
pressure differential, to accommodate intentional 
fluid flow from the internal location in the patient. 

Another valuable object is the provision of a 
novel out-dwelling two-way cardiovascular normally 
closed slit valve, and related methods, in which the 
slit valve is distally flexed to open a slit for flow to 
a patient at a relatively low pressure differential 
across the slit valve and is proximally flexed to 
open the split for flow away from the patient at a 
relatively high pressure differential across the slit 
valve. 

An additional object is the provision of an outd- 
welling, normally closed slit valve by which liquid is 
selectively communicated to and from a desired 
internal body location of a medical patient. 

In order that the invention may be more readily 



understood, embodiments thereof will now be de- 
scribed, by way of example, with reference to the 
accompanying drawings, in which: 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective of one presently pre- 
ferred out-dwelling, two way, normally closed, 
pressure responsive slit valve flow control, em- 

w bodying the principles of the present invention, 
shown in an installed condition; 
Figure 2 is an enlarged cross section taken 
along lines 2-2 of Figure 1; 
Figure 3 is an enlarged fragmentary cross sec- 

75 tion of the slit of the flow control of Figure 1 
flexed open in a distal direction due to pressure 
differential Pi ; 

Figure 4 is similar to Figure 3 but shows the slit 
flexed open in a proximal direction due to pres- 

20 sure differential P2 ; 

Figure 5 is an enlarged exploded perspective of 
the slit valve flow control of Figure 1 ; and 
Figure 6 is a cross section of a second pres- 
ently preferred outdwelling, two-way, normally 

25 closed, pressure responsive slit valve flow con- 
trol for a peripheral catheter tube, according to 
the present invention. 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
30 EMBODIMENTS 

Reference is now made to the drawings 
wherein like numerals are used to designate like 
parts throughout. Specifically, Figures 1 through 5 

35 illustrate one presently preferred two-way, pressure 
responsive, outdwelling slit valve flow control 
mechanism or assembly. Figure 6 illustrates a sec- 
ond, presently preferred slit valve flow control 
mechanism or assembly. Both of the illustrated 

40 embodiments implement the principles of the 
present invention, the slit valve flow control assem- 
bly of Figures 1 through 5 being generally des- 
ignated 10 and the slit valve flow control mecha- 
nism of Figure 6 being generally designated 12. 

45 Valve assembly 10 is illustrated in Figure 1 in 
an "as used" condition, i.e., where the slit valve 
assembly 10 is interposed between a cannula in 
the form of a catheter tube, generally designated 
14, and an intravenous (IV) tube, generally des- 

50 ignated 16. It is to be appreciated that the IV use 
depicted in Figure 1 is only exemplary and that the 
present invention contemplates outdwelling slit 
valve control for selective delivery of liquid to and 
from a desired internal location within a medical 

55 patient. 

The catheter tube 14, illustrated in Figure 1, 
may be of any conventional type and is illustrated 
as having a distal end portion 18 comprising a 
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distal port 20 placed indwelling in the cardiovas- 
cular system of a medical patient, namely in the 
patient's vein 22, as illustrated in Figure 1. The 
catheter tube 14 as illustrated in Figures 1 and 2 
comprises a proximal end portion 24 illustrated, in 
Figure 2, as having been force-fit into suitable 
liquid communication with the slit valve assembly 
10, as hereinafter more fully explained. 

Likewise, tube 16 may be of any desired type 
by which liquid is selectively made available to the 
slit valve assembly 10. IV tube 16 is illustrated as 
comprising a distal end portion 26 shown as being 
force-fit into a secured telescopic liquid commu- 
nicating relationship with the slit valve assembly 
10, as hereinafter more fully described. Tube 16 is 
also illustrated in Figure 1 as comprising a "Y" site 
28, where a hollowed side port 30 emanates. Side 
port 30 is illustrated as being closed at its proximal 
end by a conventional elastomeric cap 32, which 
may be penetrated by a hypodermic needle, for 
example, and which will reseal upon removal of the 
needle. Side port 30 and use of a hypodermic 
syringe is one presently preferred way by which a 
blood specimen may be removed from or medica- 
tion introduced into the vein 22 through the cath- 
eter 14 and across the slit valve assembly 10 when 
predetermined pressure differential conditions are 
brought into play. 

Figure 1 further illustrates IV tube 16 as com- 
prising a proximal end 34 which is illustrated as 
being connected via a rigid fitting 35 to an IV bottle 
36 shown suspended by a bracket 38 upon a 
cantilevered arm 40, all of which is conventional. 
Thus, under predetermined pressure differential 
conditions at slit valve control 10, IV solution in 
bottle 36 is selectively and controllably introduced 
into the vein 22 from catheter tube 14 across slit 
valve 10, responsive to a predetermined hydro- 
static head. 

With reference to Figures 2 through 5, slit 
valve flow control 10 will now be described. The slit 
valve flow control 10 comprises a housing, gen- 
erally designated 42, illustrated as comprising two 
parts 44 and 46. Housing parts 44 and 46 are 
preferably formed of shape-retaining synthetic re- 
sinous material and are constructed so as to be 
connected, one to the other, as hereinafter more 
fully explained. Valve housing part 44 comprises a 
relatively large annular wall 48, shown as being of 
substantially uniform thickness and comprising an 
exposed cylindrical surface 50 and a concealed 
inner surface 52. Wall 48 terminates in a blunt, 
transversely oriented edge 54. Interposed between 
edge 54 and surface 52 are internal threads 56, 
which form an integral part of wall 48, as illustrated. 

Valve housing part 44 also comprises a trans- 
versely oriented, radially directed wall 58, which is 
integral with wall 48 at annular corner 60. Wall 58 



is illustrated as having a uniform thickness com- 
prising exposed, external surface 62 and internal 
surface 64. Wall 48 is interrupted by a centrally 
disposed aperture 66. 
5 Valve housing part 44 also comprises a 

distally-extending annular boss in the form of wall 
68. Wall 68 is illustrated as having been formed as 
one piece with, and is, therefore, integral with wall 
58 at annular corner 70. Wall 58 is illustrated as 

w being of uniform thickness throughout comprising 
exterior wall surface 72 and interior wall surface 74. 
Wall 78 terminates in a transversely oriented blunt 
edge 76. The diameter of surface 72 is selected, in 
the illustrated configuration, to be sufficiently great- 

75 er than the inside diameter of the proximal end 24 
of the catheter tube 14 so as to accommodate a 
satisfactory press-fit relationship between the two, 
as illustrated in Figure 2. For such a satisfactory 
relationship to exist, sufficient compressive force 

20 must exist between the proximal end 24 of the 
catheter tube 14 and the wall 68 so that inadvertent 
separation of the two does not occur. Where per- 
manent attachment is desired, a suitable bonding 
agent or adhesive may be applied between the 

25 proximal end 24 of the catheter tube 14 and sur- 
face 72 of wall 68. The diameter of interior surface 
74 of wall 68 is selected to accommodate the 
desired amount of liquid flow therethrough. 

Valve housing portion 46 is illustrated as com- 

30 prising an annular wall 80, which comprises a 
smooth exterior cylindrical surface 82 and a 
smooth interior surface 84, which is substantially 
longer in an axial direction than is surface 82. 
Surface 82 merges at a 90° angle with radially- 

35 directed, exterior surface 86. Wall surface 86 is 
illustrated as having a radial dimension essentially 
half that of the radial thickness of wall 80. Wall 
segment 80 integrally merges with reduced thick- 
ness wall segment 88. The interior surface of wall 

40 segment 88 is the previously described surface 84, 
which merges at a 90° angle with transversely 
directed blunt edge 90 of wall segment 88. Wall 
edge surface 90 in turn merges substantially at 90° 
with threaded surface 92 of wall segment 88. 

45 Threads 92 are sized and arranged so as to 
threadedly match previously described threads 56, 
accommodating threaded joining of valve housing 
parts 44 and 46. A suitable adhesive is ordinarily 
placed between threads 56 and 92 to permanently 

so join housing ports 44 and 46 after the interior 
components have been correctly placed therein. 

Wall segment 80 is formed as one piece and, 
therefore, integrally joins radially directed wall 94 at 
annular corner 96. Wall segment 94 is illustrated as 

55 being of uniform thickness and as comprising ex- 
terior or exposed surface 98 and interior or con- 
cealed surface 100. Radially-directed wall 98 is 
illustrated as being centrally apertured at 102. 
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Valve housing part 46 is further illustrated as 
comprising a proximally-directed boss in the form 
of annular wall 104, which is formed as one piece 
with and is, therefore, integral with radially directed 
wall 94 at corner 106. Wall 104 is illustrated as 
being of uniform thickness comprising , external cy- 
lindrical wall 108 and internal cylindrical wall 110 
having a diameter equal to that of aperture 102. 
Wall segment 104 terminates in transversely di- 
rected blunt edge 112 and has sufficient length and 
internal diameter to accommodate press-fit accep- 
tance of the rigid male fitting 35 conventionally 
placed at the distal end 26 of IV tube 16 so as to 
preclude inadvertent separation. 

Three disc-shaped elements are carried within 
slit valve flow control housing 42 when the two 
parts 44 and 46 are threaded I y secured as illus- 
trated in Figure 2, namely distal flex control disc 
120, proximal flex control disc 122, and central slit 
diaphragm 124. 

Flex control disc 120 is preferably rigid and 
formed of synthetic resinous materials. Disc 120 is 
illustrated as comprising a peripheral blunt edge 
126 of a disc wall illustrated as being of uniform 
thickness throughout and comprising distal and 
proximal flat surfaces 128 and 130, respectively. 
An aperture 132 is centrally disposed through the 
disc 120. The diameter of aperture 132 is selected 
to allow flexing of the diaphragm 124 in a distal 
direction, as illustrated in Figure 3, when subjected 
to a positive differential of a predetermined amount 
(Pi). The resultant pressure Pi is ordinarily primar- 
ily caused by the hydrostatic head of the IV solu- 
tion and is set so that the slit closes while a 
desired amount of IV solution remains in the tube 
16 proximal of the slit. While the diameter of the 
aperture 132 is illustrated in Figure 2 as being 
substantially the same as the diameter of the bore 
74, such does not necessarily under all circum- 
stances have to be the case. Also, while the sur- 
face defining the aperture 132 is illustrated as 
being axially disposed, such surfaces may be diag- 
onally or otherwise disposed so long as diaphragm 
flexing is accommodated at a desired, relatively 
low pressure differential (diagrammatically illustrat- 
ed as Pi in Figure 3). As illustrated in Figure 2, in 
the assembled condition, distal surface 128 of disc 
120 is contiguous with housing surface 64, while 
proximal surface 130 is contiguous with the distal 
surface 142 of slit diaphragm 124. 

Proximal flex control disc 122 is similar, as 
illustrated, to disc 120, except the central aperture 
132' of disc 122 is of substantially smaller diameter 
than the diameter of aperture 132. Since disc 122 
is otherwise illustrated as being the same as disc 
120, identical numerals have been used and no 
further description is needed. It is to be noted, 
however, that the diameter of edge 126 of both 



disc 120 and disc 122 is just slightly less than the 
diameter of housing surface 52, to accommodate 
ease of assembly. 

In the assembled condition, as can be seen 

5 clearly from Figures 2-4, distal surface 1 28 of flex 
control disc 122 is contiguous with the proximal 
surface 144 of the slit diaphragm 124, while a small 
area of the surface 130 of the flex control disc 122, 
at the periphery thereof, is contiguous with housing 

w edge 90. It should be readily apparent that the 
discs 120 and 122 compressively support the slit 
diaphragm 124 in its radial orientation, except to 
permit the diaphragm 124 to centrally flex distally 
and proximally, depending upon pressure differen- 

75 tial conditions. Because the diameter of aperture 
132' of disc 122 is illustrated as being materially 
less than the diameter of aperture 132, central 
flexing of the diaphragm 124 more readily occurs 
in a distal direction than in a proximal direction. 

20 Other configurations, however, are within the scope 
of the present invention. 

In the embodiment of Figures 1-5, a relatively 
high pressure differential (diagrammatically illus- 
trated as ?2 in Figure 4), which flexes the dia- 

25 phragm 124 proximal into aperture 132' to open slit 
146 is required to draw blood proximally through 
the slit 146 of the diaphragm 124, using, for exam- 
ple, a syringe inserted through elastomeric cap 32 
at side port 30 of the IV tube 16. In the embodi- 

30 ment of Figure 4, a lower pressure differential 
(diagrammatically illustrated as Pi in Figure 3) caused 
in part by the weight of the IV solution in tube 16, 
which flexes diaphragm 124 distally into the larger 
aperture 1 32 to open the slit 1 46, is required for IV 

35 solution to flow. 

Slit diaphragm 124 is disc-shaped and is 
formed of a suitable elastomeric material, such as 
silicone rubber. Silicone rubber offers the advan- 
tage of ease in centrally flexing the diaphragm 

40 coupled with good memory characteristics. In an 
unstressed condition, diaphragm 124 is illustrated 
(in Figure 2) as being planar and of uniform thick- 
ness, comprising edge 140, the unstressed diam- 
eter of which is slightly less than the diameter of 

45 housing wall 52. The diaphragm 124 is illustrated 
as being of uniform thickness comprising distal, 
radially-directed flat surface 142 and proximal, 
radially-directed flat surface 144. 

Diaphragm 124 comprises a centrally-dispos- 

so ed, normally closed, transversely-directed linear slit 
146. Slit 146 is illustrated as uniformly extending 
from surface 142 to surface 144 and is located so 
as to be directly aligned with previously mentioned 
apertures 132 and 132', when placed in the assem- 

55 bled position of Figure 2. The radial length of slit 
146 is selected to accommodate the degree of 
distal and proximal flexing needed in order to ac- 
commodate selective bi-directional liquid flow 
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through the flexed and open slit 146 to Introduce, 
for example, IV solution into the patient under hy- 
drostatic IV pressure or to remove sample blood 
from the patient under negative pressure or to 
introduce medication into the bloodstream. In addi- 
tion to the length of the slit 146, the material used 
to form the diaphragm 124, the thickness of the 
diaphragm and the size of apertures 132 and 132' 
individually and collectively are variables to be set 
in determining the pressure differentials 
(diagrammatical ly illustrated in Figures 3 and 4 as 
Pi and P 2 ) by which the slit 146 is caused to be 
opened distally and proximally. 

It is also to be appreciated that outdwelling 
fluid control devices according to the present in- 
vention can be free standing, for addition to a 
cannula, such as a catheter or a needle, at the time 
of use, or can be constructed as a component part 
of an IV cannula system at the time of manufac- 
ture. 

Using the slit valve flow control 10 in conjunc- 
tion with the rest of the system illustrated in Figure 
1, it is to be appreciated that the IV system never 
runs dry because the flexure in a distal direction 
required at slit 46 (diagrammatically illustrated as 
Pi in Figure 3) ceases to exist while the IV tube 16 
is still partially or entirely filled with IV solution. 
Consequently, it is not possible for bleed-back into 
and clotting within the catheter tube or other IV 
cannula to occur. Thus, cannula and/or IV filter 
replacement due to bleed-back contamination is 
avoided. When blood sampling occurs via side port 
30, the presence of IV solution in the system 
returns residual blood left in the IV set to the vein 
22 immediately following termination of the blood 
withdrawal cycle. Also, since a blood clot in the 
cannula, such as catheter tube 14, is not possible, 
it is correspondingly impossible for a blood clot to 
be inadvertently discharged from the catheter tube 
into the vein. 

The same essential result may be accom- 
plished using the slit valve flow control mechanism 
12, shown in Figure 6, in lieu of the slit valve flow 
control assembly 10 of Figures 1 through 5. Slit 
valve flow control mechanism 12 comprises a 
housing 150 comprising two housing parts, gen- 
erally designated 152 and 154, respectively. 

Housing part 152 comprises a wall 156, illus- 
trated as being of uniform thickness. The wall 156 
comprises, as illustrated, an upper surface 158, 
part of which is exposed and part of which is 
concealed, and a concealed inside surface 168. 
Wall 1 56 also comprises an exposed edge surface 
160. A male extension 162 projects downwardly 
from its integral connection with wall 156. Exten- 
sion 162 exteriorly comprises surface 160, a blunt 
edge 164 and internal surface 166. Thus, wall ex- 
tension 162 in conjunction with wall 156 forms a 



recess at internal surface 168. Wall 156 and recess 
at 168 are interrupted by a centrally disposed 
aperture 170, which extends through wall 156. The 
diameter of aperture 170 is selected so as to 

5 accommodate proximal flexing of an associated 
diaphragm 220 under a relatively high pressure 
differential (P 2 ) for blood sampling, consistent with 
the preceding description. 

Valve part 152 comprises a proximal liquid flow 

10 passageway 172. Passageway 172 is defined by a 
liquid flow port wall, generally designated 174. Port 
wall 174 comprises a lower wall segment 176, 
shown as having a uniform thickness, which integ- 
rally is an extension of wall 156 and terminates in a 

75 blunt annular edge 178. Proximal port wall 174 also 
comprises a curved wall segment 180, which is 
also integral in part with wall 156 and terminates in 
the previously mentioned blunt edge 178. Directly 
adjacent blunt edge 178 is a curved segment 181 

20 of the port wall 174, accommodating press-fit inter- 
nal receipt of rigid fitting 35 at the distal end 26 of 
the IV tube 16, in the manner heretofore men- 
tioned. The passageway 172 is sized to accom- 
modate sufficient IV, medication and/or blood sam- 

25 pling flow to accomplish the objectives of the in- 
vention. 

As is the case with housing part 152, housing 
part 154 is formed as one piece, preferably of rigid 
synthetic resinous material. Valve housing part 154 

30 comprises a wall 190 which comprises an exterior 
edge 192, which merges at 90° with shoulder 194. 
Shoulder 194 merges at 90° with a reduced diam- 
eter surface 196, sized and shaped to press fit 
against the surface 166. It is presently preferred 

35 that surfaces 166 and 196 be permanently secured 
to each other as illustrated using a suitable adhe- 
sive. Surface 196 merges through 90° with an 
abutment surface 198, which has a relatively short 
transverse distance. Abutment surface 198 merges 

40 with a downwardly convergent recessed surface 
200. Surface 200 defines an aperture or orifice 202 
at the base thereof which lies in the same plane as 
the bottom surface 204 of wall 190. 

As can be seen by inspection of Figure 6, wall 

45 surface 204 is partly exposed and partly con- 
cealed. The concealed portion of surface 204 falls 
within a liquid flow passageway 206. 

Passageway 206 is defined by liquid port wall 
structure 208, which comprises a thin tube-con- 

50 necting annular wall extension or lip 210 integral 
with wall 190, and a curved wall 212, which is also 
integral with wall 190. Annular wall extension 210 
and wall 212 are integral and together terminate in 
blunt edge 214 at the distal end of the passageway 

55 206. The exterior surface 216 adjacent edge 214 is 
of such a diameter to accommodate external press- 
fit connection of the proximal end 24 of the cath- 
eter tube 14, in the manner heretofore explained. 
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From a visual inspection of Figure 6, it is 
readily apparent that abutment surface 198 is 
spaced a predetermined distance from surface 168 
of wall 156 when the housing parts 152 and 154 
are fully assembled. The space between surfaces 
198 and 168 is preferably slightly less than the 
thickness of a rectangular diaphragm 220. Rectan- 
gular diaphragm 120 is illustrated as being of uni- 
form thickness, preferably slightly more than the 
distance between surfaces 198 and 168 so as to be 
compression held between surfaces 168 and 198 in 
the illustrated assembled condition. Diaphragm 220 
also comprises a central, normally closed, pressure 
responsive linear slit 222 which, under predeter- 
mined pressure differential conditions selective ac- 
commodates bidirectional liquid flow therethrough, 
flexing in the proximal direction being accommo- 
dated by relatively high proximally directed pres- 
sure differential P2 and flexing to an open position 
being accommodated in a distal direction under 
relatively low distally directed pressure differential 
Pi , such distal flexing being readily accommodated 
by conical surface 200 of valve housing 1 54. 

In terms of use, since the slit valve flow control 



and egress flow port means (104 or 174), distal 
liquid ingress and egress flow port means (68 
or 208) and a hollow interior through which 
liquid entering the port means selectively bi- 
directionally flows; and bi-directionally 
pressure-responsive slit valve means (124 or 
220) sealing ly and transversely disposed within 
the hollow interior of the housing means exter- 
nal of the body and comprising normally 
closed slit means (146 or 222) selectively 
opening responsive to pressure differential 
thereby accommodating liquid flow through the 
slit means in either direction. 

2. A valve structure according to claim 1 , wherein 
the slit valve means comprise an elastomeric 
diaphragm (124 or 220) comprising at least 
one slit (146 or 222) which is flexed by a 



pressure differential across the diaphragm. 

3. A valve structure according to claim 2, wherein 
the diaphragm (124 or 220) is flat, of predeter- 

5 mined thickness, and comprises a slit (146 or 

122) of predetermined length. 

4. A valve structure according to claim 2, wherein 
the diaphragm (124) comprises an elastomeric 

70 disc. 

5. A valve structure according to claim 2, wherein 
the diaphragm (220) is rectangularly shaped. 

75 6. A valve structure according to any one of 
claims 2 to 5, comprising means (120, 122 or 
200, 168) adjacent to the diaphragm constrain- 
ing flexure of the diaphragm (124 or 220 to 
control the pressure differentials required to 

20 open the slit (146 or 222) in either direction. 

7. A valve structure according to claim 5 compris- 
ing first means (120 or 200) distally adjacent to 
the diaphragm and second means (122 or 168) 
proximally adjacent to the diaphragm (124 or 
220), which first and second means separately 
constrain flexure of the diaphragm distally and 
proximally to control at least in part the re- 
spective pressure differentials required to dis- 
tally and proximally open the slit (146 or 122). 

8. A valve structure according to claim 7, wherein 
the first and second diaphragm constraining 
means (120, 122 or 200, 168) respectively 
comprise larger and smaller aperture means 
(132, 132' or 202, 170) adjacent and aligned 
with the slit (146 or 122), the smaller aperture 
means (132* or 170) requiring a greater pres- 
sure differential to open the slit and the larger 
aperture means (132 or 202) requiring a lesser 
pressure differential to open the slit. 

9. A valve structure according to claim 7, wherein 
the flexure-constraining means comprise 

45 means (120 or 200 and 122 or 168) accom- 

modating flow through the slit in a distal direc- 
tion at a lower pressure differential and in a 
proximal direction at a higher pressure dif- 
ferential. 

50 

10. A valve structure according to claim 9, wherein 
the accommodating means comprise rigid 
structure located distal (64, 120 or 190, 200) 
and proximal (122, 90 or 168, 156) of the 

55 diaphragm (124 or 220) defining a relatively 

large-flow opening (132 or 202) distal of the 
diaphragm and a relatively small flow opening 
(132' or 170) proximal of the diaphragm 



mechanism 12 is operatively substantially the same 25 
as the already described slit valve flow control 
mechanism 10, no further operative description is 
needed. 

The features disclosed in the foregoing de- 
scription, in the following claims and/or in the ac- 30 
companying drawings may, both separately and in 
any combination thereof, be material for realising 
the invention in diverse forms thereof. 

Claims 35 

1. A two-way medical valve structure (10 or 12) 
for disposition externally of a body of a medi- 
cal patient, characterised by: housing means 
(42 or 150) comprising proximal liquid ingress 40 
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means. 

11. A valve structure according to claim 10, 
wherein the distal and proximal rigid structure 
comprises distal and proximal aperture-defin- 5 
ing means (120 or 200 and 122 or 168). 

12. A valve structure according to claim 10 or 11, 
wherein the distal and proximal rigid structure 
comprises means (64, 90 or 156, 190) integral w 
with the housing means (42 or 150). 

13. A valve structure according to any one of 
claims 1 to 5, wherein the slit valve means 
(124 or 220) are sealingly secured peripherally 75 
within the hollow housing means (42 or 150). 

14. A valve structure according to claim 13, 
wherein the sealingly securing means com- 
prise opposed abutment means (120, 122 or 20 
198, 168) which collectively compressively en- 
gage a peripheral portion of the slit valve 
means (124 or 220). 

15. A valve structure according to any preceding 25 
claim, wherein the housing means (42 or 150) 
comprise at least two parts (44, 46 or 152, 
154) fastened together. 

16. A valve structure according to claim 15, 30 
wherein the fasteners comprise threaded con- 
nectors (48, 88). 

17. A cardiovascular assembly comprising: a can- 
nula (14) comprising a hollow interior for place- 35 
ment, at a distal end (18) thereof, in a cardio- 
vascular system (22) of a patient; a source of 
liquid (36) disposed external of the patient; a 
hollow tube (16) disposed external of the pa- 
tient, a proximal interior of the hollow tube 40 
being in communication with the liquid at the 
source (36); characterised by a two-way valve 
structure (10 or 12) according to any preceding 
claim interposed between the hollow tube (16) 

and the cannula (14) externally of the patient, a 45 
proximal part (104 or 174) of the two-way valve 
structure being in communication with the inte- 
rior of the hollow tube, at a distal end thereof, 
and a distal part (68 or 208) of the two-way 
valve structure being in communication with 50 
the hollow interior of the cannula, at a proximal 
end thereof. 

18. A method of controlling medical liquid flow in a 
cannula (14) comprising placing a distal end 55 
(18) of the cannula indwelling within a medical 
patient; the method being characterised by: 
connecting a distal end (68 or 208) of an 



outdwelling slit valve housing (42 or 150) to a 
proximal end (24) of the cannula external of 
the medical patient in selective internal liquid 
communication along a predetermined flow 
path; interposing a normally closed slit dia- 
phragm (124 or 220) to be interposed across 
the flow path within the housing external of the 
medical patient; and creating a predetermined 
liquid pressure differential across the dia- 
phragm thereby flexing the diaphragm distally, 
opening the slit (146 or 222) therein and caus- 
ing proximal-to-distal flow therethrough to the 
patient. 

19. A method according to claim 16 comprising 
the further step of physically altering the pres- 
sure differential to an opposite predetermined 
amount across the diaphragm (124 or 220) 
thereby flexing the diaphragm proximally, 
opening the slit (146 or 222) therein and caus- 
ing distal-to-proximal flow therethrough from 
the patient. 
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